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THE CHEMICAL PROPERTIES OF SEVEN 
AGRICULTURAL SOIL SERIES AND THEIR 
RELATIONSHIP TO SOIL FERTILITY 
F. E. Hutchinson1 
INTRODUCTION 
It is commonly accepted today that the chemical and physical pro-
perties of soils determine their capacity to support plant growth. 
Throughout most of recorded history data concerning these properties 
have not been available for the soils commonly used for crop pro-
duction, thus soil fertility practices have been based upon empirical 
knowledge. 
With the advent of science, and more specifically, soil science, 
men began to accumulate data which more adequately characterized 
soils. The process of data collection has been slow because of the prob-
lems involved in identifying the complete list of soil properties which 
influence plant growth. For example, it is not yet known what exact 
role aluminum plays in plant growth, although its role has been under 
investigation for a great many years. However, during recent years, 
several investigators have determined the properties of those soil 
series which are used intensively in various areas of the United States 
for crop production (3,4,5,6,9,10,11,13,15,17). 
In recognition of the importance of soil in a crop and forest pro-
duction program, the Maine Agricultural Experiment Station initiated 
a research project in 1962 to determine the chemical properties of seven 
important agricultural soil series found in the state. The ultimate goal 
of the research was to relate the chemical properties of the soil series 
to the most appropriate fertility practices for their wise economic use. 
The soil series included in the study are listed in table 1, along 
with descriptive information concerning classification, parent material 
and associated soils. Typical profiles of six of the soil series also are 
shown in figure 1. 
1
 Professor of Soil Science, Department of Plant and Soil Sciences, Maine Agri-
cultural Experiment Station. 
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Figure 1. Photograph showing profiles of six soil series whose chemical 
characteristics are reported in this publication. 
METHODS 
Soil samples were collected from the horizons of seven soil series 
at 10 sites of each, with the exception of the Charlton and Paxton series 
where seven sites were sampled. The sites were selected to represent 
the areas of the state where the specific soil series occurred with highest 
TABLE 1. 
Classification data for selected agricultural soils in Maine. 
il Great Soil Group Parent Soil 
Ties Old System Present System1 Material Association^ 
ngor Podzol Typic Haplorthod Weakly calcareous Thorndike-Bangor-Dixmont 
glacial till Monarda 
ribou Podzol Alfic Haplorthod Glacial till; calcareous Carihou-Conant-Haston 
shale & limestone 
arlton Blown Podzol Entic Haplorthod Micaceous schist glacial Charlton-Sutton-Paxton 
till 
nam Podzol Aquallk Haplorthod Glacial till; calcareous Carihou-Conant-Easton 
shale & limestone 
xton Brown Podzol Kntic Fragiorthod Micaceous schist glacial Charlton-Sutton-Paxton 
till 
Plaisted Podzol Typic Fragiorthod Slate, shale and sandstone Thorndike-Plaisted-Howland 
acid till Monarda 
Thorndike Podzol Lithic Haplorthod Slate, shale and sandstone Thorndike-Bangor-Dixmont 
glacial till Monarda 
1
 As proposed in the 7th Approximation (16). 
-As described by Rourke and Hardesty (14). 
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frequency. Because of their frequent occurrence in both the northern 
and central areas of the state, the Plaisted and Thorndike series were 
sampled at five sites in both of these areas. At each site a profile 
description was written and the horizons were differentiated on mor-
phological features. 
In the laboratory the samples were screened to separate the less 
than 2 millimeter fraction from the coarser material and the analyses 
reported here were made on the fine fraction. Soil reaction was deter-
mined potentiometrically employing the glass electrode in a 1:1 soil-
water suspension (8). Organic matter content was measured by the 
Walkley-BIack method with sulfuric acid (8). Cation exchange capacity 
was determined and exchangeable bases were extracted with IN am-
monium acetate (8). 
The amounts of exchangeable calcium, magnesium and potassium 
were determined by a Beckman single beam flame emission spectro-
photometer, Model DU (8). Exchangeable hydrogen was calculated 
by difference and exchangeable aluminum was determined on both the 
IN KC1 and the IN NH4OAc(pH 4.8) extracts by the colorimetric 
"aluminon" method (2). The ammonium acetate extract removes some 
of the hydroxy-aluminum ions in addition to tri-valent aluminum, 
whereas the potassium chloride extract contains only the tri-valent 
aluminum ions, as reported by McLean (2). Because of an insufficient 
amount of soil, the ammonium acetate method for aluminum was not 
measured on some samples. 
The levels of exchangeable copper (Cu2+), iron (Fe2+), manga-
nese (Mn2+) and zinc (Zn2+) were measured by a Jarrell-Ash flame 
emission atomic absorption unit, Model 516. The first three were ex-
tracted with IN NH4OAc(pH 4.8), whereas the zinc was extracted by 
the ammonium acetate-dithizone procedure suggested by Viets and 
Boawn (2). 
EXPERIMENTAL RESULTS AND DISCUSSION 
The range and the mean value among the sites for each soil series 
and each chemical property are shown in tables 5 through 11. It can 
be noted that the values for any soil property tended to vary as much 
between sites within a series as they did between series. 
Organic Matter 
The mean values for all soil properties in each soil series are listed 
in tables 2, 3 and 4 by horizon. The organic matter content of the 
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seven soil series ranged from a low of 3.9% in the Caribou series to a 
high of 6.1 c'c in the Charlton series in the Ap horizon. It is not un-
usual that the Caribou series was lowest since it is subject to erosion 
because of its intensive use for potato production, but the level of 
organic matter present in this series was not low enough to cause any 
problem from a soil fertility standpoint. The organic matter content of 
the horizons below the plow layer tended to be very similar for all soil 
series, with the values decreasing rapidly to a depth of 20 inches and 
then tending to stabilize at approximately 0.5ci (figure 2). 
Soil Acidity 
The pH values for the soil series varied considerably, with the 
Caribou, Plaisted and Thorndike being somewhat more acid than were 
the remaining four series. This difference can be explained on the basis 
that the former series have been heavily fertilized with nitrogen for 
potato production, although they have not been limed heavily because 
of the danger that the potato scab organism (Streptomyces scabies) 
would become active above pH 5.5. Although the Conant series is also 
PERCENT ORGANIC MATTER 
2 3 4 
Figure 2 Distribution of organic matter in seven agricultural soils in Maine. 
TABLE 2 
The chemical properties for the Ap horizon of seven important agricultural soils in Maine. 
Soil 
Series 
Bangor 
Caribou 
Conant 
Charlton 
Paxton 
Plaisted 
Thorndike 
1
 Extracted 
1
 Extracted 
with 
with 
IN 
IN 
potassium 
O.M. 
5.0 
3.9 
5.5 
6.1 
4.9 
5.8 
5.2 
pH 
5.7 
5.1 
5.5 
5.8 
5.6 
4.9 
5.1 
Base 
Sat.C 
32 
38 
38 
36 
25 
14 
22 
chloride—used to 
ammonium acetate (pH 4.8). 
Ca 
7o) 
3.9 
4.5 
7.9 
4.5 
2.7 
1.5 
2.4 
:alculate 
Mg 
1.3 
0.8 
1.3 
0.9 
0.7 
0.8 
1.2 
K H 
meq./ 100 grams 
0.2 
0.6 
0.4 
0.3 
0.2 
0.5 
0.5 
hydrogen by 
11.3 
8.7 
10.2 
10.0 
10.4 
15.4 
13.3 
difference. 
CEC 
16.9 
15.6 
20.3 
15.9 
14.4 
19.5 
18.4 
Al1 
0.2 
1.0 
0.5 
0.2 
0.4 
1.3 
1.0 
Al-
4.3 
3.6 
3.0 
5.9 
4.8 
Cu 
1.6 
13.4 
4.4 
T 
T 
6.4 
2.0 
Fe 
22.6 
26.0 
32.5 
13.6 
15.1 
63.6 
54.1 
Mn 
ppm 
77.4 
63.3 
147.5 
35.6 
39.4 
38.5 
68.0 
Zn 
5.5 
3.2 
4.0 
2.3 
1.6 
2.9 
2.5 
TAHI I 3 
The chemical piopcrtics foi the B_. horizons of seven important agiieulluial soils in Maine. 
oil 
leries1 
5angor(2) 
7ar ibou(7) 
?onant( 1) 
Tharlton l 5) 
3 ax ton(2) 
>laisted(8) 
l"horndike(7) 
3angor(5) 
Caribou 11) 
Tenant (1) 
: h a r l t o n ( 3 ) 
3 ax ton (6 ) 
5 la is ted(3) 
rho rnd ike (2 ) 
Bangor(6) 
C o n a n t ( l ) 
Char l ton(3) 
P a x t o n O ) 
Plaistedl 3) 
Thorndike(3) 
O.M 
ir;o 
2.0 
3.(1 
2.3 
2.7 
1.4 
4.6 
5.2 
3.4 
-> -> 
l l 
4.3 
1.7 
3.3 
2.5 
1.5 
1.0 
0.8 
0.4 
2.8 
2.7 
pll 
5.8 
5.2 
5.4 
5.7 
5.8 
4.9 
5.1 
5.3 
4.9 
6.3 
5.4 
5.8 
5.3 
5.5 
5.5 
6.3 
5.7 
5.7 
5.3 
5.7 
Base 
Sal.('.'J 
15 
24 
65 
8 
9 
7 
i t 
11 
11 
56 
12 
13 
14 
II 
1 1 
49 
19 
17 
9 
10 
l ' ; i 
) 
I.I 
2.9 
4.3 
0.5 
I).5 
0.7 
2.4 
1.2 
0.9 
6.4 
1.(1 
0.7 
0.9 
1.1 
0.5 
4.0 
0.3 
0.8 
0.4 
1.0 
Mg 
0.5 
0.3 
0.4 
0.2 
0.1 
0.2 
1.2 
0.4 
0.3 
0.3 
0.8 
0.2 
0.8 
0.2 
0.4 
0.2 
0.6 
0.2 
0.4 
0.1 
K 
mcq./lOO 
0.1 
0.2 
0.2 
0.1 
0.1 
0.4 
0.5 
0.2 
0.2 
0.2 
0.2 
0.2 
0.3 
0.2 
0.2 
0.2 
0.1 
0.2 
0.2 
0.1 
II 
giants 
11 
9.2 
9.X 
8 6 
9.1 
6.7 
15.2 
13.3 
B., 
13.5 
9.4 
5.5 
14.4 
7.1 
1 1.9 
1 1.7 
B. 
8.3 
4.6 
4.1 
5.1 
9.6 
10.0 
( |-( 
11.2 
14.4 
14.1 
10.7 
7.6 
17.9 
18.4 
16.1 
12.5 
12.5 
16.9 
8.6 
14.9 
13.6 
9.8 
9.1 
5.3 
6.8 
11.4 
11.5 
AT 
0.3 
1.2 
0.6 
0.8 
0.2 
1.4 
1.(1 
0.8 
1.7 
0.1 
0.5 
0.4 
1.0 
0.4 
0.4 
0.1 
11.2 
0.5 
0.8 
0.3 
Al:l 
9.5 
3.6 
9.9 
4.8 
7.6 
5.5 
8.3 
8.0 
6.8 
3.6 
9.0 
7.4 
C u 
-
T 
1 
O 
T 
T 
2.7 
2.0 
T 
O 
1 
T 
O 
O 
T 
O 
T 
T 
0 
T 
Ke Mn 
ppm 
17.5 
62.8 
52.5 
4X.0 
21.4 
102.0 
54.1 
75.3 
26.3 
51.4 
22.9 
56.9 
79.4 
16.8 
21.9 
10.2 
14.0 
36.3 
30.6 
5.8 
27.0 
17.5 
10.2 
6.1 
32.6 
68.0 
25.(1 
18.8 
15.7 
14.8 
T 
19.2 
17.7 
13.(1 
4.8 
13.8 
T 
11.0 
Zn 
, _ 
II.1 
l.X 
1.7 
1.2 
1.0 
2 ** 
2.5 
9.(1 
1.0 
0.8 
1.0 
1.4 
2.0 
9.0 
1.2 
1.0 
0.8 
1.2 
1 9 
1
 Numbers in parentheses indicate number of sites. 
2
 Extracted with IN potassium chloride—used to calculate hydrogen by difference. 
3
 Extracted with IN ammonium acetate (pH 4.8). 
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TABLE 4 
Tl 
Soil 
Series1 
Bangor! 5) 
Charlton(7) 
nIaisted(6) 
horndike(9) 
angor(7) 
:harlton(8) 
laisted(lO) 
Numbers in parentheses 
Extracted with IN pota: 
le chemical 
O.M. 
(%) 
1.4 
0.7 
1.6 
1.9 
0.5 
0.4 
1.0 
indicate nu 
ssium chlon 
properti 
pH 
5.6 
5.8 
5.4 
5.4 
5.7 
5.8 
5.2 
mber of 
ide—use 
es for t 
Base 
Sat.(rr 
17 
9 
6 
8 
21 
17 
11 
sites. 
d to ca 
he B3 i 
Ca 
) 
0.6 
0.3 
0.3 
0.5 
0.7 
0.6 
0.3 
lculate 
ind C r 
Mg 
0.6 
0.1 
0.01 
0.2 
0.3 
0.4 
0.2 
hydroi 
lorizons ol 
K 
meq./lOO 
0.2 
0.1 
0.2 
0.1 
0.2 
0.2 
0.2 
>en by dif 
i four : 
H 
grams 
B1 
6.3 
4.7 
8.0 
8.4 
C 
4.2 
5.5 
5.2 
Ference. 
import; 
CEC 
8.1 
5 5 
9.1 
9.6 
5.7 
7.0 
6.5 
int agri 
A1-' 
0.4 
0.3 
0.6 
0.4 
0.3 
0.3 
0.6 
cultural 
Al1 
5.4 
9.7 
6.2 
3.7 
5.7 
soils i 
Cu 
T 
T 
O 
T 
T 
T 
T 
n Main 
Fe 
19.5 
9.1 
38.3 
19.3 
12.4 
12.5 
15.2 
Mn 
ppm 
4.9 
O 
12.4 
23.7 
5.9 
2.3 
Zn 
6.0 
1.0 
i.: 
1.4 
9.4 
1.0 
2.9 
Extracted with IN ammonium acetate (pH 4.8). 
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used for potato production, its pH level is normally higher tha n that 
for the Caribou because it is only moderately well-drained. Since the 
Caribou and Conant were derived from calcareous shale materials it is 
logical that their subsoils should exhibit an increase in pH level, but 
this increase does not manifest itself in the Caribou series until a depth 
of 40 inches is reached because of the heavy leaching which occurs in 
the horizons above that depth (1). 
The Bangor, Charlton and Paxton series occur in the dairy and 
apple producing areas of the state and consequently they have been 
limed frequently over the years. Thus the average values for the Ap 
horizon in these soil series were above pH 5.5 and as a result, their 
content of tri-valent exchangeable aluminum was below 0.5 milli-
equivalents per 100 grams. 
Base Saturation 
Base saturation of the various soil series ranged from 14% in the 
Plaisted to 38% in the Ap horizons of the Caribou and Conant. As 
shown in figure 3, the base saturation values for most of the series de-
clined with depth in the profile to a value of approximately 10% at 20 
inches. The values for the Caribou and Conant were distinctly dif-
ferent than those for the other series, with the Conant exhibiting values 
in excess of 50% throughout most of the profile until a depth of 33 
inches was reached. In both of these soil series there was an abrupt de-
crease in base saturation in the A'., horizon which occurred at 14 inches. 
These data for the Caribou and Conant series are in agreement with re-
sults published by others (1, 13). Since these soils are classified as 
bisequems, it would be logical to find such a relationship of base satura-
tion to pH in the buried podzol layer (1). 
The base saturation values found for the Ap horizons of the Pax-
ton, Plaisted and Thorndike series were extremely low if one considers 
50% as a minimum desired in a fertile soil used for crop production, 
as suggested by Obenshain, et al (9). However, the values obtained in 
this study in Maine are in close agreement with those reported pre-
viously for these soil series (4, 6, 13). The importance of base satura-
tion to crop production should not be under-emphasized because nu-
trient cations compete with one another for uptake by the plant and if 
the balance between these ions is unfavorable, a nutrient deficiency may 
occur. When base saturation values fall below 25% it is logical to as-
sume that hydrogen and aluminum ions might prevent the uptake of 
adequate amounts of calcium, magnesium or potassium by many plants 
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Figure 3. Base saturation values in the profiles of seven agricultural soil series. 
which require relatively large amounts of one or more of these nu-
trients. 
Exchangeable Bases 
The levels of exchangeable calcium, magnesium and potassium 
shown in tables 2, 3 and 4 indicate the normal relationship, with cal-
cium occurring in the greatest concentration and potassium the lowest 
concentration. In the plow layer, the calcium values ranged from 1.5 
milli-equivalents in the Plaisted series to 7.9 milli-equivalents per 100 
grams in the Conant series. The calcium level in the Plaisted and Pax-
ton series was also low in the Ap horizon, which is in agreement with 
the fact that the base saturation was low in these series. In the B hori-
zons the Conant and Caribou continued to contain the highest levels of 
calcium, while the amount in the other series tended to be less than 1.0 
milli-equivalent. The only exception was the Thorndike series which 
contained 2.4 milli-equivalents in the B, horizon, which was the same 
as it contained in the Ap horizon. 
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Exchangeable magnesium values did not vary as much among the 
various soil series as did those for calcium. In the plow layer magnesium 
ranged from 0.7 to 1.2 milli-equivalents per 100 grams, whereas in the 
B horizons, it ranged from 0.1 to 1.2 milli-equivalents per 100 grams 
The levels in the Bangor and Thorndike tended to be higher than for 
all other series throughout the profile. 
Calcium to Magnesium Ratio 
In many soils the ratio of calcium/magnesium is important be-
cause the plant growing in the soil needs an approximate ratio of 5:1 
for ideal growth (9 ) . The Ca, Mg values for the seven soil series are 
depicted graphically in figure 4. It can be seen that the ratio was con-
sistent in the profiles of all series except for the Caribou and Conant. 
In the latter soils the ratio in the plow layer was nearly ideal, but in the 
B horizons the ratio was 10 and 21 for the Caribou and Conant series, 
respectively. Undoubtedly the frequent occurrence of magnesium defi-
ciency in potatoes and sugar beets grown in these soils, whenever there 
Figure 4. Ratio of calcium to magnesium in seven agricultural soil series. 
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was no supplemental fertilization with magnesium, was caused by the 
imbalance of this ratio in the B horizons. 
In the Bangor, Plaisted and Thorndike series the Ca/Mg values 
were too small throughout the profile, since the calcium values in these 
series were relatively low and magnesium was somewhat higher than 
average in the Bangor and Thorndike series. This implies that calcitic 
limestone would be satisfactory on these soils, and it might even be 
preferred in some instances. 
It has been reported that exchangeable potassium levels should 
not fall below 0.3 milli-equivalents per 100 grams in the plow layer of 
a fertile soil, and that calcium, magnesium and potassium should oc-
cur in a 10:2:1 ratio (9). In this study the level of exchangeable potas-
sium equaled or exceeded 0.3 milli-equivalents in all series except for 
the Bangor and Paxton. As expected, the levels in the Caribou, Conant, 
Plaisted and Thorndike plow layers were relatively high because of their 
frequent use for potato production for which an annual application in 
excess of 200 pounds of K.O per acre has been common. It appears 
from studying the data in table 2, that the ratio of magnesium to 
potassium was satisfactory from a soil fertility standpoint in the Conant, 
Plaisted and Thorndike series, whereas it was much too wide in the 
Bangor, Charlton and Paxton series. 
Cation Exchange Capacity 
The cation exchange capacity (CEC) data for the Ap horizon of 
the seven soil series ranged from 14.5 to 20.2 milli-equivalents per 100 
grams for the Paxton and Conant series, respectively. With the ex-
ception of the Thorndike series, the CEC values for the series became 
similar at a depth of approximately 20 inches as shown in figure 5. In 
the Bangor, Plaisted and Thorndike series the CEC values remained 
relatively high to a depth of 12 to 14 inches and then they decreased 
rapidly. 
The obvious relationship of CEC to organic matter content of the 
soil is emphasized in figure 6 where it is shown that 67, 83 and 57% 
of the overall variation in CEC in the Ap, BJ and B3 horizons of the 
seven soil series was accounted for by the variation in organic matter. 
In the C horizon where the level of organic matter was low, the rela-
tionship was not significant. The strong relationship between CEC and 
organic matter has been reported previously for the surface horizon 
(12), but it is interesting to note that it continues to be strong in the 
B horizons. In the above-mentioned study there was an increase of 4.9 
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milli-equivalents in CEC for each increase of 1% in organic matter 
content, but in the present study the comparable value was only 2.0 
milli-equivalents in the plow layer. 
Aluminum 
Exchangeable aluminum extracted with KC1 was considered to be 
the tri-valent cation (AF'^) and the levels in the Ap horizon of the 
seven series ranged from 0.2 milli-equivalents in the Bangor and 
Charlton series to 1.3 milli-equivalents per 100 grams in the Plaisted 
series. In addition to the high level in the Plaisted series, the Caribou 
and Thorndike series also contained 1.0 milli-equivalent of exchange-
able aluminum, which amounts to 180 pounds per acre. At this level, 
growth of many crop species such as alfalfa, barley and sugar beets 
would be seriously retarded due to phosphorus deficiency caused by the 
formation of insoluble aluminum phosphates. This problem could be 
solved by application of limestone to raise the pH level to 5.5, at which 
point aluminum solubility becomes negligible. However, at these rela-
PERCENT ORGANIC MATTER 
Figure 6. The relationship of cation exchange capacity to organic matter 
content in four horizons of seven agricultural soils. 
tively high levels of exchangeable aluminum in the Caribou, Plaisted 
and Thorndike series the soil would be strongly buffered against a pH 
change and large rates would be required (7). 
Potassium chloride extractable aluminum in the lower soil horizons 
continued to be high in the Caribou, Plaisted and Thorndike series, 
while its level in all other series was approximately the same as it was 
in the surface layer. The close relationship of exchangeable aluminum 
to pH level is evident in figure 7. When analyzed over all soil series 56, 
61 and 45% of the variation in exchangeable aluminum was accounted 
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Figure 7. The relationship of exchangeable aluminum (KCL) to PH in four 
horizons of seven agricultural soils. 
for by the variation in soil pH level in the Ap, B. and B, horizons, 
respectively. As an average of all series, the projected aluminum level 
in the Ap horizon would be less than 300 pounds per acre, whereas in 
the B^ horizon there would be 400 pounds per acre at the same pH 
level. This is explainable on the basis that during the process of podzoli-
zation, the sesquioxides (aluminum and iron) are leached downward in 
the profile, accumulating in the B horizons (5). In the B horizon, the 
aluminum apparently causes the humus to flocculate, thereby causing 
the accumulation of humus in the B horizon also (5). This would indi-
cate that humus cannot accumulate appreciably in the B horizon of a 
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podzol soil until the concentration of the sesquioxides is sufficiently 
high to saturate the functional groups of the percolating soluble humus. 
The aluminum-pH relationship in the C horizon of the seven soil 
series was highly significant, although the levels of aluminum at low 
pH values were considerably lower than they were in the Ap and B 
horizons. This is due to the low CEC of the unweathered parent ma-
terial in the C horizon where little organic matter is present. Consequent-
ly, it has little capacity to hold cations such as aluminum. 
Ammonium acetate extractable aluminum contains the mono-and 
di-valent hydroxy-aluminum ions in addition to the tri-valent ion (2). 
Thus the amount of aluminum extracted by this procedure is frequently 
much higher for a given soil than is that extracted by KC1. In this study 
the ammonium acetate aluminum level was much higher in all of the 
series for which it was measured than was the KC1 aluminum level. In 
the Ap horizon the ratio ranged from 20:1 in the Bangor series to 4:1 
in the Caribou series. The same ratio in the lower horizons was even 
wider than for the Ap horizon because the ammonium acetate alumi-
num increased with depth in most of the series. Thus it appears that 
the hydroxy-aluminum ions were concentrated in the B horizons. 
Sawhney (15) and Tamura (17) have reported the existence of 
a large amount of inter-stratified aluminum in the vermiculite contained 
in the Charlton and Paxton series, and that the interlayer aluminum 
caused the vermiculite to act as an intergrade between vermiculite and 
chlorite until the interlayer ions were removed. Arno (1) has also re-
ported data for the Caribou series which indicate a large amount of 
vermiculite is present in the various horizons. Considering these reports 
and the results obtained in this study it appears that all of the soil 
series evaluated contain relatively large amounts of hydroxy-aluminum 
ions which can be expected to cause additional buffering when the soils 
are limed. 
Micro-nutrient Cations 
The average content of the micro-nutrient cations present in each 
of the seven soil series is listed in tables 2, 3 and 4, and in figures 8, 9 
and 10. 
Exchangeable copper values in the Ap horizon of the soil series 
ranged from a trace in the Charlton and Paxton to 13.4 parts per mil-
lion in the Caribou series. Appreciable amounts of copper also oc-
curred in the Ap horizon of the Bangor, Conant, Plaisted and Thorn-
dike series. Undoubtedly the presence of copper in the plow layer re-
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suited from the application of copper sprays to the potatoes grown in 
rotation on these soils. This conclusion is substantiated by the fact 
that only a trace of copper was found in the lower horizons of the seven 
soil series, although 2.7 and 2.0 ppm were measured in the B„ horizon 
of the Plaisted and Thorndike series. 
Figure 8. The amount of exchangeable iron in seven agricultural soil series. 
The level of exchangeable iron in the Ap horizon of the soils 
raneed from lows of 13.6 and 15.1 ppm in the Charlton and Paxton 
series to a high of 63.6 ppm in the Plaisted series. With the exception 
of the Thorndike, the iron content of the six remaining series increased 
in the top of the B horizon and then decreased rapidly with greater 
depth. Of particular note was the fact that this increase in the Bangor 
and Plaisted series reached 75 and 102 ppm of iron at a depth of 10 
inches. These results are easily explained as the result of podzolization 
(5). Since exchangeable iron is related to soil pH it is not possible at 
this point to predict the relative amount of this nutrient which would 
be present in the seven soil series if they were all at an equivalent pH 
value However, the results indicate the Caribou and Conant series 
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Figure 9. The amount of exchangeable aluminum in seven agricultural soil 
series. 
contain more iron than do the Charlton and Paxton series and that the 
Plaisted series contains more than does the Thorndike series. 
The level of exchangeable manganese in acid soils is frequently a 
problem because it is toxic to many plants when present in large 
amounts, although it is an essential element. In this study an appreciable 
amount of exchangeable manganese was found in the plow layer of all 
soil series, with the values ranging from 35.6 ppm in the Charlton to 
147.5 ppm in the Conant series. In this horizon the Thorndike series 
contained nearly twice as much manganese as did the Plaisted and this 
relationship continued throughout the profile, which was opposite to 
the relationship between these two soil series for iron. 
At a depth of 14-18 inches the level of exchangeable manganese 
in the various soil series became quite similar with the range between 
zero and 30 ppm (figure 9). Thus it can be seen that manganese did 
not increase in the B horizon and therefore it apparently did not move 
RELATIONSHIP OF CHI.MICAL PROPI RIII S 10 SOIL FIRTILIIV 21 
Figure 10. The amount of exchangeable zinc in seven agricultural soil series. 
downward in the profile during the process of podzolization in a man-
ner similar to aluminum, iron and organic matter. 
Levels of exchangeable zinc in the Ap horizon of the soils varied 
from 1.6 ppm in the Paxton to 5.5 ppm in the Bangor series. The level 
in the Bangor series increased with depth to 10 inches and then re-
mained constant except for a decrease at the 19 inch depth. The rea-
son for the relatively large amount of zinc throughout the profile of 
the Bangor series is not known and cannot be explained until more is 
known concerning the mineralogy of the series. Exchangeable zinc in 
the remaining six series decreased slightly with depth until at 20 inches 
the range was between 1 and 2 ppm. 
Comparison of the Cluuiton-Paxton Series 
The Charlton and Paxton soil series have been developed from 
the same micaceous schist parent material but they differ in that the 
latter contains a fragipan in the lower profile at an approximate depth 
of 20-28 inches. Carlisle, et al (3) have defined fragipans as "dense, 
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brittle subsoil horizons that appear to be indurated when dry, but the 
apparent induration disappears upon moistening. They are genetic soil 
horizons that have developed from many different parent materials. At 
the present time it is not known whether a specific soil reaction-fragi-
pan correlation exists in these intrazonal soils." However, these inves-
tigators suggest that fragipans are not developed unless the soil pH is 
less than 5.5. 
Since fragipans are generally less permeable to water than are the 
horizons above and below them, it is logical to assume the chemical 
properties of the Paxton series would be different than those for the 
same depth in the Charlton series. 
The data in tables 2, 3 and 4 indicate the Charlton series con-
tained appreciably more organic matter throughout the A and B hori-
zons than did the Paxton series. Consequently, the CEC of the Charl-
ton was greater in the solum than it was in the Paxton. In general the 
pH level in the two series was similar throughout the profile, but the 
base saturation values for the lower horizons were considerably higher 
in the Paxton than in the Charlton, indicating a lower degree of leaching 
in the Paxton due to lower permeability of the fragipan. As a con-
sequence the Paxton contains a greater amount of both calcium and 
potassium in the B'., horizon than does the C horizon of the Charlton 
series at a comparable depth. 
Levels of KCl-extractable aluminum, copper, iron, manganese 
and zinc were similar throughout the profile for the two series. 
Thus it appears that the Charlton can be differentiated from the 
Paxton series on the basis of organic matter content throughout the 
profile, base saturation in the lower horizons and amount of exchange-
able bases in the lower areas of the profile. 
SUMMARY 
Soil samples were collected from the several horizons of the Ban-
gor, Caribou, Conant, Plaisted and Thorndike series at 10 sites of each 
and from seven sites of the Charlton and Paxton series. These samples 
were analyzed to determine the chemical properties of each soil series 
and their relationship to soil fertility. 
Organic matter content in the Ap horizon varied considerably 
from one series to another, but in the B and C horizons the values for 
all series became quite similar. The Caribou, Plaisted and Thorndike 
series were considerably more acidic throughout the profile than were 
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the Bangor, Charlton, Conant, and Paxton series. Consequently, base 
saturation values of 14% for the Plaisted and 38% for the Conant oc-
curred in the Ap horizon. Base saturation values in all series tended to 
decline with depth in the profile, approaching 10% at 20 inches. 
Throughout most of the profile, the base saturation values for the Cari-
bou and Conant series were distinctly higher than for the remaining 
series, with values for the Conant exceeding 50% 
Levels of exchangeable calcium in the plow layer ranged from 1.5 
to 7.9 milli-equivalents per 100 grams in the Plaisted and Conant series, 
respectively, while those for magnesium went from 0.7 to 1.2 milli-
equivalents per 100 grams in the same horizon. In the B horizon only 
the Caribou and Conant series consistently contained more than 1 
milli-equivalent of calcium, whereas with magnesium the Bangor and 
Thorndike series tended to contain the highest levels throughout the 
profile. The Ca/Mg ratio in the B horizon of the Caribou and Conant 
series was extremely wide, since it was 10 and 21, respectively, while 
the ratio in the lower horizons of the Bangor, Plaisted and Thorndike 
series was too narrow for optimum soil fertility relationships. 
Exchangeable potassium values for the plow layer ranged from 
0.2 to 0.6 milli-equivalents per 100 grams in the Paxton and Caribou 
series, respectively, with only the Bangor and Paxton containing less 
than the desired minimum of 0.3 milli-equivalents. Levels of potassium 
in the lower B horizons and in the C horizon of all soils tended to 
stabilize at 0.2 milli-equivalents. 
The cation exchange capacity (CEC) values for the Ap horizon 
of all soil series were satisfactory, with values of 14.5 to 20.2 milli-
equivalents per 100 grams for the Paxton and Conant series. With 
depth in the profile, the CEC values for all series decreased and at 20 
inches all were within the range 6-10 milli-equivalents. Considering 
the relationship among all of the soil samples, it was found that 67, 83 
and 57% of the variation in the CEC of the Ap, B._, and B horizons 
was accounted for by the variation in organic matter level. In the C 
horizon where the variation in organic matter was negligible this rela-
tionship was not significant. 
Level of exchangeable tri-valent aluminum ions (Al:i+) extracted 
with KCl from the Ap horizon went from 0.2 milli-equivalents in the 
Bangor and Charlton series to 1.3 milli-equivalents in the Plaisted 
series The Caribou and Thorndike series also contained 1.0 milli-
equivalents in the plow layer, and the level continued to be high in the 
Caribou, Plaisted and Thorndike subsoils. Variation in soil pH ac-
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counted for 56, 61 and 45% of the variation in exchangeable aluminum 
in the Ap, B., and B, horizons, whereas in the C horizon the relation-
ship was non-significant. 
Exchangeable aluminum extracted as Al(OH).+, Al(OH)2+ and 
Al:!+ by ammonium acetate was much higher in all series than was that 
extracted by KC1. The existence of relatively large amounts of hydroxv-
aluminum ions was indicated by the 20:1 ratio of ammonium acetate 
extractable to potassium chloride extractable aluminum in the Ap 
horizon of the Bangor and a 4:1 ratio for the same ions in the Caribou 
series. The ratio was even wider in the B horizons, indicating the 
greatest amounts of hydroxy-aluminum ions exist in that zone of the 
soil. 
Appreciable amounts of copper were found in the plow layer of 
the Bangor, Caribou, Conant, Plaisted and Thorndike series, but only 
a trace was found in the lower horizons of all series. Exchangeable iron 
in the Ap horizon ranged from 13.6 to 63.6 ppm, while in the top of 
the B horizon it increased appreciably reaching 75 and 102 ppm at the 
10-inch depth in the Bangor and Plaisted series. 
Exchangeable manganese values ranged from 35.6 ppm in the 
plow layer of the Charlton to 147.5 ppm in the Conant series. The 
Thorndike series contained approximately twice as much manganese 
as the Plaisted series throughout the profile. 
The amount of exchangeable zinc was much higher in the several 
horizons of the Bangor series than it was in any of the others. The 
levels in the plow layer ranged from 1.6 in the Paxton to 5.5 ppm in 
the Bangor. 
Due to the presence of a fragipan in the Paxton series it con-
sistently contained less organic matter throughout the profile than did 
the Charlton series. The Paxton also contained a higher base saturation 
and a greater amount of calcium and potassium in the lower horizons 
than the Charlton which was developed from the same type of parent 
material. 
CONCLUSIONS 
Based on the data reported in this bulletin, the following con-
clusions have been made: 
1. The organic matter content of the Ap horizon in the Bangor, 
Caribou, Conant, Charlton, Paxton, Plaisted, and Thorndike 
soil series is adequate for optimum soil fertility relationships. 
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2. Base saturation in the horizons of the Bangor, Charlton, Pax-
ton, Plaisted and Thorndike series is far below the desired 
level for a fertile soil. 
3. The Ca/Mg ratio in the Caribou and Conant series is too 
wide in the B horizons for favorable plant nutrition. 
4. Cation exchange capacity in the seven soil series is largely 
dependent upon the level of organic matter. 
5. The levels of exchangeable mono-, di- and tri-valent alumi-
num tend to be high in the soil series which are below pH 
5.5, with the highest level of the hydroxy-aluminum ions pre-
sent in the B horizons. Thus the Caribou, Plaisted and Thorn-
dike series are strongly buffered and large amounts of lime 
would be required to raise their pH level. 
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Chemical characterization data for the Conant soil series 
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Chemical chuiacleri/.ation dala for Ihc Paxton soil series. 
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0.14 
0.1 
0.5 
0.2 
0.1 
0.2 
0.2 
0.3 
0.6 
0.5 
K 
mcq 
0.1 
0.4 
0.2 
0.3 
"
_ 0 . 1 ~ 
0.1 
0.1 
0.1 
0.3 
0.2 
0.2 
0.2 
0.2 
0.3 
0.5 
0.4 
H 
/ i oo ei 
10.4 
1374 
6.7 
7.1 
5.1 
4.0 
c i:c 
LI I l l s 
riTi 
19.8 
14.5 
18.9 
5.5 
9.6 
7.6 
5.5 
9.7 
8.5 
6.2 
8.3 
6.9 
5.7 
7.0 
6.3 
AP 
O.l 
0.6 
0.4 
0.3 
0.1 
0.3 
0.2 
0.1 
Al-
— -
0.8 
0.4 
0.2 
""" 0.7 
0.5 
- — 
— 
0.3 
0.9 
0.7 
Cu 
0.0 
1.1 
T 
O 
T 
T 
T 
O 
T 
T 
T 
1.1 
T 
T 
T 
T 
He 
25.0 
15.1 
18.1 
~ 3.5~~ 
40.(T 
21.4 
4.5 
150.0"" 
22.9 
7.0 
20.0 
14.0 
10.0 
23.8 
16.1 
Mn 
ppm 
5.3 ~~ 
52.5 _ 
39.4 
"5.4 
5.3 _ 
6.8 ~ 
6.1 
8.0 25.0 
14.8 
4.5 
40.0 
13.8 
6.3 
10.0 
7.9 
Zn 
1.2 
3.2 
1.6 
2.2 
0.8 
1.1 
1.0 
0.7 
1.2 
1.0 
0.7 
1.2 
0.8 
0.9 
1.1 
0.9 
Table 9 Continued 
Table 9 Continued 
Horizon 
A'. 
Low 
High 
X~ 
B', 
Low 
High 
~X 
No. of 
sites 
~~ "3 
3 
O.M. 
% 
0.3 
0.3 
0.3 
0.2 
0.4 
0.3 
pH 
5.6 
5.9 
5.8 
5.8 
5.9 
5.8 
Base 
Sat. (%) 
18 
32 
Ca 
0.3 
0.7 
0.5 
0.3 
2.0 
1.0 
Mg 
0.1 
0.2 
0.1 
0.1 
0.8 
0.4 
Extracted with IN potassium chloride. 
Extracted with IN ammonium acetate (pH 4.8). 
K 
meq 
(U~~ 
' 0.3 
H CEC 
/100 grams 
3.6 
5.6 
0.2 ! 3.4! 4.4 
0.1 
0.4 
0.3 3.5 
4.6~ 
7.0 
5.4 
Al1 Al- Cu 
0.1 
0.4 
0.3 
0.1 
0.4 
0.3 
T 
T 
T 
T 
T 
T 
Fe 
5.5 
10.8 
9.7 
4.5 
17.5 
11.7 
Mn 
ppm 
5.3 
6.3 
5.6 
4.5 
10.5 
6.7 
Zn 
0.7 
1.5 
1.1 
1.0 
1.6 
1.2 

Table 10 Continued 
Horizon 
B22 
Low 
High 
IT 
Bja 
"x" 
B„ 
~X 
'3 
Low 
High 
?T 
i 
Low 
High 
?T 
No. of 
sites 
3 
1 
1 
3 
10 
O.M. 
% 
2,6 
2.9 
2.8 
0.5 
0.5 
1.4 
1.9 
1.6 
0.4 
1.9 
1.0 
pH 
5.1 
5.7 
5.3 
5.2 
5.2 
5.2 
5.6 
5.4 
4.7 
5.9 
5.2 
Base 
Sat. (%) 
9 
11 
11 
6 
11 
Ca 
0.1 
0.7 
0.4 
0.1 
0.1 
0.1 
0.4 
0.3 
0.1 
0.5 
0.3 
Mg 
0 
1.1 
0.4 
O 
o 
0 
0.1 
0.01 
o 
1.2 
0.2 
K 
meq 
0.1 
0.3 
0.2 
0.7 
0.7 
0.1 
0.3 
0.2 
0.1 
0.4 
0.2 
H ! CEC 
/100 grams 
9.6 
6.2 
6.2 
8.0 
9.6 
14.5 
11.4 
7.3 
7.3 
6.9 
11.3 
9.1 
3.5 
8.6 
5.21 6.5 
Al1 
0.6 
0.9 
0.8 
0.3 
0.3 
0.5 
0.7 
0.6 
0.2 
0.9 
0.6 
Al-
8.6 
9.4 
9.0 
5.4 
4.8 
9.7 
2.1 
9.3 
5.7 
Cu 
O 
o 
o 
T 
T 
O 
O 
0 
o 
1.1 
T 
Fe 
30.0 
42.5 
36.3 
20.6 
16.3 
37.5 
40.0 
38.3 
8.0 
40.0 
15.2 
Mn 
ppm 
O 
T 
T 
5.5 
T 
O 
O 
O 
O 
7.5 
2.3 
Zn 
1.0 
1.7 
1.2 
1.5 
1.3 
1.2 
1.0 
3.8 
2.9 
Extracted with IN potassium chloride. 
Extracted with IN ammonium acetate (pH 4.8). 
m 
CO 
c 

